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New  Model  for  the  Interior  of  Polyelectrolyte  Coatings  on 
Electrode  Surfaces.  Mechanisms  of  Charge  Transport 
through  Protonated  Poly(L-lysine)  Films  Containing 
FeUI(edta)"  and  Fe^edta)2-  as  Counterions 

Fred  C.  Anson,  Jean-Michel  Saveant  and  Kiyotaka  Shigehara 

ABSTRACT 

A  model  is  proposed  for  the  interior  of  a  swollen,  polycationic 
coating  equilibrated  with  a  supporting  electrolyte  solution  containing 
both  electroactive  and  electroinactive  counteranions.  The  coating 
is  divided  (conceptually)  into  two  regions.  The  first,  termed  the 
"Donnan  domains",  represents  the  region  where  the  counterions  are  confined 
by  electrostatic  forces;  the  second  comprises  the  remaining  volume 
of  the  coating  that  is  assumed  to  be  occupied  by  the  supporting  electrolyte 
solution.  Some  expected  effects  of  this  two-part  structure  on  the 
electrochemical  responses  obtained  in  both  steady-state  and  transient 
experiments  with  coated  electrodes  are  discussed  and  compared  with 
experimental  results  obtained  with  the  Fe^^edtajVFe^edta)2-  redox 
couple.  The  polycationic  coatings  employed  were  prepared  from  protonated 
poly(L-lysine)  deposited  on  graphite  electrodes.  This  particular 
combination  of  polyelectrolyte  and  incorporated  redox  couple  yields 
rates  of  propagation  of  charge  through  the  coating  that  are  remarkably 
high  in  both  of  the  regions,  indicating  that  the  open,  swollen  structure 
of  the  coating  is  particularly  favorable  for  rapid  motion  of  counterions. 
The  coupling  between  the  two  propagation  pathways  by  means  of  electron 
exchange  is  also  quite  rapid.  The  experimental  data  adhere  well  to 
the  predictions  of  the  equations  derived  on  the  basis  of  the  two-phase 
model  which  may  prove  generally  applicable  to  electrodes  bearing  poly¬ 
electrolyte  coatings. 


ELECTROSTATIC  BINDING  OF  ANIONS  AND  CATIONS  TO  GRAPHITE 
ELECTRODES  COATED  WITH  A  POLYELECTROLYTE  CONTAINING 
BOTH  POSITIVE  AND  NEGATIVE  FIXED  CHARGES 

Hans-Rudolf  Zumbrunnen  and  Fred  C.  Anson 

ABSTRACT 

Graphite  electrodes  were  coated  with  a  polyelectrolyte  based 
on  poly(r-vinylpyridine).  Three  types  of  charged  groups  were  introduced 
in  the  polymer  to  vary  its  net  ionic  charge:  Protonated  pyridinium 
cations,  quaternized  pyridinium  cations  and  pentacyanoferrate  anions. 

The  charge  carried  by  the  Fe (CN ) 5  groups  (2-  or  3-)  was  controlled 
electrochemically  so  that  the  net  charge  of  the  coatings  could  be  varied 
continuously  between  polycationic  and  polyanionic  states.  The  equilibrium 
incorporation  of  multiply-charged  electroactive  ions  by  the  resulting 
coatings  was  measured  as  a  function  of  the  net  charges  of  the  polyelectrolyte. 
Preferential  intra-polymer  charge  compensation  by  interaction  between 
fixed  anionic  and  cationic  sites  was  demonstrated  in  this  way. 


KINETICS  OF  ELECTRON-TRANSFER  CROSS-REACTIONS  WITHIN 
REDOX  POLYMERS.  COATINGS  OF  A  PROTONATED  POLYLYSINE 
COPOLYMER  WITH  INCORPORATED  ELECTROACTIVE  ANIONS 

Fred  C.  Anson,  Takeo  Ohsaka  and  Jean-Michel  Saveant 

ABSTRACT 

The  kinetics  of  the  cross-reaction  between  Co(tpy)22+  (tpy  = 

3-  3- 

2,2' ,2"-terpyridine)  and  Mo(CN)g  or  W(CN)g  were  measured  within 

coatings  of  a  protonated  poly-L-Iysine  copolymer  on  rotating  graphite 

disk  electrodes.  The  anionic  octacyano  complexes  were  bound  electro- 

2+ 

statically  within  the  polycationic  coatings.  The  Co(tpy)2  was  dissolved 
in  the  solution  that  occupied  the  pores  within  the  swollen  coatings. 

The  kinetic  data  were  compared  with  the  predictions  of  a  recent 
theoretical  analysis  of  reversible  cross-reactions  in  electrode  coatings 
and  good  agreement  was  obtained.  The  magnitudes  of  the  cross-reaction 
rate  constants  evaluated  from  the  data  were  remarkably  similar  despite 
a  large  difference  in  the  equilibrium  constants  for  the  two  cross-reactions. 
Some  possible  reasons  for  this  behavior  are  examined. 


SHIFTS  IN  REDOX  FORMAL  POTENTIALS  ACCOMPANYING  THE  INCORPORATION 
OF  CATIONIC  COMPLEXES  IN  PERFLUOROPOLYCARBOXYLATE  AND  POLYSULFONATE 
COATINGS  ON  GRAPHITE  ELECTRODES 


Yu-Min  Tsou  and  Fred  C.  Anson 
ABSTRACT 

The  formal  potentials  of  several  redox  couples  Incorporated  In 
coatings  of  a  perfluoropolycarboxylate  on  graphite  electrodes  were 
measured  and  compared  with  the  formal  potentials  of  the  same  couples 
in  homogeneous  solution.  The  differences  observed  agreed  with  those 
calculated  from  the  Nernst  equation  with  the  Independently  measured 
Incorporation  coefficients  for  both  halves  of  the  redox  couples.  The 
dependences  of  the  shifts  In  formal  potentials  on  the  nature  of  the 
Incorporating  complex  Ion,  the  Ionic  strength  and  the  temperature 
were  determined  and  Indicated  that  the  Incorporation  equilibrium  are 
governed  by  electrostatic  and  hydrophobic  Interactions  that  act  in  opposite 
directions.  The  Incorporation  of  most  cations  examined  was  driven  by 
large  Increases  in  entropy  that  overcame  the  usually  unfavorable  enthalpy 
changes. 
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NEW  STRATEGIES  FOR  ELECTROCATALYSIS  AT  POLYMER  COATED  ELECTRODES. 

REDUCTION  OF  DIOXYGEN  BY  COBALT  PORPHYRINS  IMMOBILIZED  IN 
NATION  COATINGS  ON  GRAPHITE  ELECTRODES 

Daniel  A.  Buttry  and  Fred  C.  Anson 
ABSTRACT 

A  new  method  for  introducing  porphyrin  molecules  into  Nation  coatings 
on  electrodes  is  described.  The  incorporated  porphyrins  are  exceptionally 
stable  and  can  readily  be  metallated  while  remaining  in  the  coating. 

Coatings  containing  cobalt  tetraphenylporphyrin  (CoTPP)  were  prepared  to 
exemplify  the  method  which  Is  applicable  to  a  variety  of  macrocyclic  ligand 
possessing  basic  sites.  The  CoTPP  in  the  Nation  coatings  retained  its 
ability  to  catalyze  the  electroreduction  of  di oxygen  when  the  electrons 
were  carried  from  the  electrode  to  the  almost  immobile  catalyst  sites  by 
Ru(NH3)62+  ions  also  incorporated  in  the  coating.  The  resulting  separation 
of  the  catalytic  and  electron  transport  functions  within  such 
coatings  is  argued  to  have  general  virtues  that  may  be  exploited  to  extend 
the  range  of  applicability  of  polymer- coated  electrodes  in  electrocatalysis 
and  to  diagnose  the  mechanisms  by  which  they  operate. 


ENHANCEMENT  OF  CHARGE  TRANSPORT  RATES  BY  REDOX  CROSS  REACTIONS 
BETWEEN  REACTANTS  INCORPORATED  IN  NAFION  COATINGS 

Daniel  A.  Buttry,  J.  M.  Saveant  and  Fred  C.  Anson 

ABSTRACT 

The  rate  of  charge  transport  within  Nation  coatings  by  Co(tpy)23+ 
(tpy  =  2,2' ,2"-terpyridine)  is  enhanced  when  it  is  measured  in  the 
presence  of  Ru(NH3)g2+  with  which  it  undergoes  a  rapid  electron  transfer 
cross-reaction.  Similarly,  the  presence  of  Cp2FeCH2N(CH3)32+  (Cp  = 
cyclopentadienide)  enhances  the  propagation  rate  of  Co(tpy)2^+.  Cyclic 
voltammetry  was  used  to  demonstrate  the  effect  qualitatively  and  chrono- 
coulometry  to  document  it  quantitatively.  The  enhancement  results 
because  electron  transfer  between  the  more  slowly  diffusing  complex 
(Co(tpy)23+  or  Co(tpy)2^+)  and  the  more  rapidly  diffusing  Ru(NH3)g2+  or 
Cp2FeCH2N(CH3)3^+  complexes  allows  the  latter  to  carry  charge  between  the 
electrode  surface  and  the  slower  moving  complex.  A  formula  for  the 
extent  of  the  enhancement  is  derived  for  the  case  of  potential  step 
chronocoulometry  or  chronoamperometry  and  used  to  compare  calculated 
enhancements  with  those  measured  experimentally.  Some  implications 
of  electron  transfer  enhancement  of  charge  propagation  rates  for  electro- 
catalytic  applications  with  polymer  coated  electrodes  are  pointed  out. 
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